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GEOGRAPHICAL DISTRIBUTIONS

Statistical comparison of Houston region trace gas data: 2006 vs. 2000

Table 2. Comparison of selected VOC measured from WAS and other parameters averaged
over WAS sample times during TEXAQS 2000 and 2006 (<2km)

During the recent Texas Air Quality Study [TEXAQS Il (2006)] campaign, we  pisyributions of selected trace gases are illustrated in the figures below. The data shown in the figures were selected to include Whole air samples collected during both the TEXAQS 2000 and 2006 campaigns targeted both background conditions as well as specific (ELESIINEEED) | DGR |
measured a wide range of volatile organic compounds (VOC) from whole air  samples collected at altitudes less than 2 km. emission sources. At this point, we haven't yet analyzed the data set to determine the relative frequency of plume versus background sampling methane = T M em T S
samples collected during flights of the NOAA P3B (Table 1). Target compounds in the two campaigns. One comparison examines the basic statistics of the two data sets, and this is shown in Table 2. A comparison of the 1970 459 e 4 3190 080 120 144
were selected to represent major emission types of industrial, mobile, and natural Propane Ethene Ethyne data is also possible with probability distributions, as shown in the figures below, which include selected WAS data as well as related trace gas g = 5 = w3 2% B
emissions, as well as photochemical products formed during VOC_oxidation. measurements (CO, NOy, O3). From the WAS data, it appears that reactive alkenes are reduced in the top quartiles of the distribution (e.g. a2 e 2w e 1m 1z 150
Similar measurements were conducted during a previous campaign (TEXAQS I; representative of emission sources), while median concentrations are similar in 2000 vs. 2006. In comparison, alkanes show higher median B & E®RE E8 8
summer 2000). This investigation and other studies in the Houston region have concentrations in 2006 vs. 2000, while near source concentrations (upper quartiles) were comparable or lower in 2006 vs. 2000. One peculiar 1344 985 7979 1049 61l 152 128 161
demonstrated that volatile organic compounds (VOC) emitted from industrial and feature that appeared in the analysis is for toluene. While other aromatic hydrocarbons tended to have probability distributions close to those & & T B A& & B =
other sources contribute significantly to ozone and aerosol formation in the of alkanes (e.g. higher medians, lower/comparable upper quartiles), toluene was uniformly elevated throughout the distribution in 2006 vs. 99 22 8512 545 240 043 073 109
regional atmosphere. 2000. The WAS data appears to be consistent with other airborne measurements taken during the two campaigns, but further examination with & ) = 8 7 8 5% B
P P B ground based data sets needs to be conducted to resolve this apparent anamoly. a9 El ws w2 o7 1oz o1
This presentation provides a broad overview of the data set collected during the § H H 2 2 E L
mission. Selected examples of the geographic distribution of different VOC are ~ N N 2% on b w7 o1 0m or 12
shown here. We also compare the statistical distributions of VOC concentrations = — g zow] eSS oo 16 . @ mo@ sw 2 1w
in the Houston region measured in the campaigns of 2000 and 2006. From the * T N a8 263 102 0% 285 144 119 0%z 134
measured concentrations of the target VOC compounds and their reaction rate : wn ozm s we W m o 2w
with the OH radical, we quantify the OH reactivity of the organic trace gases 2 ol = 2 8 = 2 3 o o
represented in the whole air samples. e g A ] * 1 o = o @m0 0% 0% 16
L y : Herc 1ets @ % a % 3 om 12 i
Table 1. Trace gases measured in whole air samples during TEXAQS_2006. E R > 000 Bl HeFe_14z8 @ = 2 D B RN e
A i Meinyi_chioride 19 548 538 3005 s 533 031 o088 101
000 i Methyi_bromide 40 12 1 106 15 13 038 086 084
: [ ooy - ] = 5 ] 27 0s¢ 10
RIS A AT T v St % 3 5 0B OB o2 @ owom
SRR R i RS — ety ehorofom i 7 5 %  ®»  » 10 oaz 03
Alkanes Alkenes  Alkynes Aromatics RN i [ERIREIRE = Teuachrelions W bt m 19 o7 oss 119
methane ethyne Benzene o N . Oibromomethane 2 1 a1 o5 o0s 103
ethane propyne Toluene o a1 5w 0 o ww w wmewe G A 1 0w s e ww w0 wewen oy e e w  mom . " . . P i i 1
propane Etjbenzene S Eiy v 2 H 7 @ 8 s 0% os 120
i p. e 1 1 H X s i Toags 200 Isopropyl ivate & I 2 P 102 127 1ss
n_butane oz o_xyene H H H i n Proplvaie 2 3 o B3 2 i 201 28
cyclopentane 175 butadiene L 2 buyntate m om » w2 FECR
isopentane cyclopentene Isopropylbenzene . Stz bavnae ® ¢ s e n 7 om 0% am
n_pentane 1_pentene n_Propylbenzene o e E ,/ 2_peyl_nivate 55 1 1 & 12 7 082 108 161
n_hexane 1_2_pentene 2_Ethyloluene. T < -
S pertane &2 pentene SEiiolene K e 7 B g ¥ P Copat g ome w0 0w om
3_methyl_pentane  3_meinyl_1_butene 4 Ethyloluene p— | p— i o0 [~ L
272 dimethylbutane  2_meihyl 2_butene 173.5_Trimethylbenzene $p D $o T a el / Noy_opin_al @ g g 2 D 7 g gm oo
23 dmettylbutane 2 methy_1_butene 124 . . . ! . . . ! £ . / — NS, Z § 3 Z 18 BESR
cyclohexane isoprene 1_2_3_Trimethylbenzene - - - " o - - e hno3_ppby_all 10 2 2 14 4 3 069 066 074
n_heptane a_Pinene Longiuge Lorguse. / PPV
Zmetyhesane Dimethyl sulfide Methyl-t-butyl ether g ol - Qg woow @ m @ o o om
_methylhexane s T 3 B o
n_octane i PaLall s s0 s ws s s 17 o0s om
2.2_4_Trimethylpentane . s o Gpsa W ss 19 e ew 106 0% 07
o I o a1 5w w0 o sen w memss o a1 s s we @ wewe o L 1 s s nm0es v weses | Gpsiatal S 20 Ey FRE i 10 100
TS [ GosLonai s o s 35 8 om 10 100
—oaas = |
Creie Eilchorde. hdon 1211 ” 1.7 : Table 3. OH reactvity (S of VOC
CFC_113 Methyl_bromide Halon_2402 § H S y Reactivity of VOC measured from WAS during TEXAQS
cFC_114 n_Propylbromide q 3 e o 1o 2006. Top 25 VOC listed in order of
cFC_115 Methyl_iodide ~ = The reactivity of VOC with OH is a measure of ~ decreasing median OH reactivity.
HFC_134a Dichioromethane Z i & oxidant production. Tabk
HFC_152a Viny_chorde 1 = P £ [ i contribution (0 oxidant production. Table [~ -
HCFC_21 Chioroform 100 5 oo - B 3 summarizes the reactivity of selected | Gulossmevoc 1261 078 1o7a
HCFC 22 1.2_dichiroethane | —— o 4 . individual VOC (ranked by their median VOC | O loss rate abane 0. an o
HoFc 123 Vet chioroorm T lar-ar -y > 8 3 reactivty) as well as. of diferent compound | G dkem 0% ol isis
=E i S e hether rarked by moc ot e o
HCFC_1418 Trichloroethylene o ey = o o ] = o w0l 4 groups. Whether ranked by median, mean or Ly
HCFC_1428 Tetrachiorethylene. Lo oo Lt B maximum OH reactivity (last not shown), light | o co vas 0820 o014 0276
Dibromometiane ‘ i alkenes and C3 — C5 alkanes contribute most | ooz ves ool oms o
Smcmbmmomelham Di Ty S R v ol N o to the total VOC reactivity represented by the hoh_methane 02% 0268 004
EBcosiee s 1 swmam w em e w meme o1 1 swme w wwes % @@ compounds reported from the WAS data. | kon enene o o o
o o o] However, it should be noted that the VOC | [o-5oPere e W=
S,N,0 VOC s P w0 100 reported here will not represent the complete koh_n_butane 0071 0053 0078
s NO ovoc 7 L OH reactivity of VOC in Houston. Other | [o-terenane fred e
Sam«m,s:;l:ae gﬂ“’."""m gmw,ac‘ev;a‘e - § 7/ v compounds have been reported in the Houston | koh_sobutane 0 0031 0056
imethylsulfde Lnitrate I acetate B B L b ’ i e oos oo oo
T e i Lt I atmosphere that are not included here at this | [h-*are ooz R ozi R
S e e T H H H L 0 time. Additional work is underway to examine | ken Touene 006 0016 003
2 butyiniate Methyl_t_butyether 3w 3w : P = / the full mass spectral data collected for about | (e vkene CiosA o1 o)
_methyl 2 bu > bu — 3 of the samples in order to identi KGN 2. melhy penan 0035 0011 0017
;mw\;\zhmmvare 'zhlamne e //” g A 50% of the WAS sampl der to identi
penyl itrate uran on btene 0% 0008 0109
s T 7, other VOC not originally targeted in the sample | fh-Xibuene 1 oose 00k 0100
Mty Furan b o . analyses. fon-ordonesare oo oo oo
" , Iy e e y - A V7 kon_n_hepians 0007 0005 0008
> EIR §o RN ) ﬁ,’ PR T T The distribution of OH reactivity for different | koh Siyrene 0020 0005 0050
B - . [ . .  ersaom i is | vonpenzene 0007 0005 0008
SAMPLING AND ANALYTICAL - = = - - = = - - = = H s . compound groups shown in Table 3 s | -G | e oo 000k a0
f—— f—— [— O 1 1 510203 50 080 %05 9 909 o1 1 1 510205 5 70 %0 0 W O L+ 510200 s rom e s meses  illUstrated in the figures below. 1o 0008 0004 0011
- Kon G mettyhesane 0005 0004 0006
o Eliouens 0003 0,003 0024
Isopropyl nitrate vs. ozone Isopropyl nitrate vs. WSOC ——E st Koh_Ethybenzene 06 0003 0010
H 3 § o 2o
H H : '
i i i
’ § { / = / for
H > T 3
7 B i
L - - o A, e o
Figure 1. Whole Air Sampler (WAS) mounted in the right wing pod of the =g =
NOAA P3B for TEXAQS 2006 o o oo .

The UM Whole Air Sampler was mounted in the right wing pod of the NOAA P38
aircraft. The sampler automatically, or on command, fills 80 stainless steel
canisters (1.6 or 2.3 L) that have been precleaned and evacuated prior to flight.
Typical fill times to a nominal pressure of 40 psia is approximately 10 seconds or
less with a metal bellows compressor. Normal operation included a pre-
programmed sample sequence with additional samples taken at the discretion of
a scientist onboard to collect samples around specific plumes or at higher
sample rates along expected gradients.

The samples were analyzed in the UM laboratory using the following
instrumentation and techniques: 1) HP/Agilent 5971 and 5973 GC MS; 30m x
0.25 mm x 1um non-polar (RTX-1) column, selected ion mode or SIM/SCAN
mode (5973) for >C5 NMHC, halocarbons, organic nitrates, OVOC, etc.; 2) HP
5890 GC, 30 m Alumina (Na2S04) column; FID for C2 — C5 NMHC; 3) HP 5890
GC, packed molecular sieve column: FID for methane. Standard gases were
calibrated in-house using selected NIST primary standards, FID C response,
and/or GC/Atomic Emission Detection, with comparison to other laboratories
when possible.
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The distributions illustrated in the figures above reflect the different emission sources and patterns in the Houston region, and
are similar to observations from TEXAQS 2000. Detailed analysis is yet to be done to identify all of the specific source
emissions that are apparent in the hydrocarbon and halocarbon data.

In contrast to the very large concentration variation of primary hydrocarbon emissions, secondary products tend to be more

uniformly distributed through the region.

One example is shown for isopropyl nitrate, an oxidation product of propane.

Correlation of isopropyl nitrate with other secondary gas and aerosol products (ozone and water soluble orgaric carbon in

aerosol (WSOC)) is also shown.
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